Abstract. The sea level rise of the Chesapeake Bay region of the East Coast of the United States is claimed to be greater than the worldwide rate, where this latter is assumed to be given by the short term satellite global mean sea level computation. These Chesapeake Bay values are obtained by linear fitting of the last few years of local tide gauge measurements. It is shown that this short term evaluation of the local sea level rises does not permit to compute the long term trend cleared of the Atlantic multi decadal oscillations. This paper clarifies the relevance of 60 years multi decadal oscillation for the tide gauges of the area and shows that the present short term sea level rises are not larger than those previously measured with the same technique. These short term sea level rises do not represent the longer term trend but also include the multi decadal oscillation of period quasi-60 years. The present sea level velocity in the area of Chesapeake Bay is assessed at about 3.5 mm/y with no positive component of acceleration.
Chesapeake Bay
The Chesapeake Bay is the largest estuary in the United States and extremely relevant. It lies off the Atlantic Ocean, surrounded by Maryland and Virginia. The Chesapeake Bay's drainage basin covers 64,299 square miles (166,534 km 2 / in the District of Columbia and parts of six states: New York, Pennsylvania, Delaware, Maryland, Virginia, and West Virginia. More than 150 rivers and streams drain into the bay. The sea level rises in the Chesapeake Bay have huge impact on the world political agenda linked to global warming and therefore deserves special attention.
The tide gauges for the Chesapeake Bay and the MidAtlantic coast show since ever rates of sea-level rise higher than the worldwide averages [16] . This is caused by land subsidence. Sediment compaction resulting from extraction of ground water is a possible explanation. Crustal adjustment (isostatic adjustment) is another possible explanation. The Chesapeake Bay is also one area tectonically active where vertical movement may occur. Another geologic factor that might account for anomalous rates of sea-level change is possible subsidence related to compaction of the fill of a large buried impact crater that underlies much of the Norfolk, Hampton Roads, and Cape Charles area. For the Chesapeake Bay rising sea level is the norm in the region rather than the exception [16] .
The open scientific question for the area is the understanding and planning for sea-level change. If the sea levels are accelerating or not makes difference.
The Atlantic multi decadal oscillation has a quasi-60 year periodicity
That the global climate system is oscillating with a period of quasi-60 years is a fact very well-known and the oscillating behaviour of the North Atlantic coast of the United States in particular is very well documented [15] . The conclusion of Ref. [15] was that the "global-mean surface temperature records display substantial variability on timescales of a century or less. Accurate prediction of future temperature change requires an understanding of the causes of this variability". "Singular spectrum analysis of the surface temperature records for 11 geographical regions shows that the 65-70-year oscillation is the statistical result of 50-88-year oscillations for the North Atlantic Ocean and its bounding Northern Hemisphere continents. These oscillations have obscured the greenhouse warming signal in the North Atlantic and North America. Comparison with previous observations and model simulations suggests that the oscillation arises from predictable internal variability of the ocean-atmosphere system." Figure 1 (from [17] ) presents the monthly values of the Atlantic Multi-decadal Oscillation index, 1856-2009. The index has a very clear quasi-60 year periodicity. If the temperature and all the other climate parameters oscillate with a quasi-60 year periodicity, then also the sea levels should follow this periodicity, being the sea levels following the temperatures one of the most popular Intergovernmental Panel on Climate Change (IPCC) claim.
The quasi-60 year oscillation of the North Atlantic sea levels was also explicitly mentioned in the NOAA 2009 re-port on the sea level variation of the United States of America [7] , and more recently is admitted by [2] in addition to [8] [9] [10] . 
The sea level accelerations wrongly inferred from oscillations
Surprisingly the knowledge of the quasi-60 years oscillation is forgotten in many recent papers, not only those computing the sea level rise in Chesapeake Bay by linear fitting of the last few years of local tide gauge measurements about a peak of the quasi-60 years oscillation [13] , but also those assessing the presence of an acceleration of sea levels along the North Atlantic coast of the United States based on the comparison of the sea level rises computed by linear fitting of 30 years of data about a peak (1980 to 2009) and about a valley (1950 to 1979) of a quasi-60 years oscillation [14] . According to Ref. [14] : "Here, we present evidence of recently accelerated SLR in a unique 1,000-km-long hotspot on the highly populated North American Atlantic coast north of Cape Hatteras and show that it is consistent with a modelled fingerprint of dynamic SLR. Between 1950 Between -1979 Between and 1980 Between -2009 , SLR rate increases in this northeast hotspot were 3-4 times higher than the global average".
A proper analysis accounting for the quasi-60 year oscillation shows that the actual acceleration is practically zero and the sea levels have been oscillating and not accelerating over the last 60 years about a constant sea level rise [8] : "It is shown in the short comment that the sea levels are oscillating about a longer-term trend and that the sea level rise (SLR) computed with time windows of 20, 30 or 60 years also oscillates, with the amplitude of these latter oscillations reducing as the time window increases. The use of only two values of the SLR distribution is misleading to infer conclusions about the accelerating behaviour. In particular, the comparison of the 30-year SLR 1950-1979 with the 30-year SLR 1980-2009 for the tide gauges along the Atlantic coast of North America north of Cape Hatteras to infer an accelerating behaviour is particularly wrong because the 30-year time window is a too short interval to appreciate the longer-term sea level trend cleared of the multi-decadal oscillations, and the two values from the SLR distribution are computed, respectively, at the times of a valley and a peak for the 60-year Atlantic Ocean multi-decadal oscillation. By using a 60-year time window or all the data since opening when more than 60 years of recording are available and by analysing the SLR time history, the only conclusion that can be inferred from the analysis of the tide gauges along the North American Atlantic coast is that the sea levels are oscillating without too much of a positive acceleration along their longer-term trend".
The quasi-60 years multi-decadal oscillations are a characteristic of the sea level patterns in many different geographical locations [2, 9, 10] and a proper estimation of the sea level rise trends must include the consideration of this natural cyclic variability.
The rates of rise of sea levels computed with short time windows selectively covering a valley to a peak of a multidecadal oscillation are not a measure of present long term sea level rises but only of the lack of ethical stands covering subjects of relevant political and economic impact.
All the follow-up activities analysing the consequences of the much higher than legitimate rates of rise of sea levels should not avoid to mention the open debate on the actual rates of rise of sea levels and the presence or absence of any acceleration.
The last few years of the tide gauge results for the Chesapeake Bay are used by [3, 4, 13] to compute high values of sea level rise (SLR) and presently positively accelerating seas similarly to recent findings for the North Atlantic coast of the United States of [14] .
The sea level rates of rise computed by [3, 4, 14, 14] for the North Atlantic coast of the United States are clearly wrong misrepresenting part of a multi-decadal oscillation as a long term trend in sea level rate of rise.
All these claims originate from the difficult evaluation of "velocity" and "acceleration" in oscillating time series and the use of different time windows at times where the amount of data available differs to infer much larger "velocities" and positive "accelerations" in data that actually show oscillating rather than accelerating seas. A proper approach is proposed in the next section, together with the evaluation of the present rate of rise and acceleration of sea levels.
4 The actual rate of rise of sea levels in the Chesapeake Bay
As previously noticed, it has been shown in [2, [7] [8] [9] [10] 15] that there are important multi-decadal oscillations with period-icity about 60 years, and that the "velocity" computed with different time windows largely oscillates in time because of the multi-decadal oscillations. This section permits to assess the recent past, present and most likely near future rate of rise of sea level in the Chesapeake Bay. This analysis is also important to understand the value of all the many follow-up activities postulating very high rates of rise of sea levels also presently accelerating.
The Baltimore tide gauge
The analysis of the Baltimore tide gauge, the single tide gauge of the Chesapeake Bay spanning more than a century, is proposed in [8, 9] . Baltimore has a time span of 1902-2011 and completeness of 99%. Therefore, the Baltimore record is a nearly perfect data set. Figure 2 presents the monthly sea levels (SL) and their linear trend, the periodogram of the monthly departures vs. the linear trend ıSL and the computed SLR 20 , SLR 30 and SLR 60 for Baltimore(details of the computation in Parker, 2013a,b and the methods section of this paper).
The 12 months moving average is also superimposed to the monthly sea levels.
The spectral analysis of the ıSL with output the amplitude with Barlett kernel weighting of the periodogram is also provided in the figure as a preliminary evaluation of the relevant periodicities in the monthly fluctuations about the linear trend. The periods of the peaks means that the sea levels oscillations varies with quite regular cycles of these periodicities. The period in the periodogram graph is months (the 60 years periodicity is 720 months, the 20 years periodicity is 240 months).
As also shown in the peer reviewed works by Parker 2013a,b the maximum SLR 60 is 3.66 mm/y and it was achieved in 1973, the present SLR 60 is 3.00 mm/y, the latest SLR A is 3.13 mm/y and the SLR 30 had a maximum in 1955 and minimums in 1932 and 1952. The SLR 30 is poorly correlated to the latest SLR A and suffers of large positive and negative oscillations. The SLR 20 has a more complex behavior with oscillations increasing in number and in amplitude. The 2012 value of SLR 30 is certainly larger than the SLR 30 value of 1982 but also smaller than the SLR 30 value of 1952. Because of the 60 years periodicity, the 2012 value has to be compared with the value of 60 years ago and not with the value of 30 years ago.
Without at least 60-70 years of data, because of the multidecadal oscillations, the computed SLR A is not correlated to the longer term SLR. The first SLR A of significance is available only since 1962, and it has been decreasing since then.
The figure also presents the sea level acceleration SLA computed over the last 3 decades as the time rate of change of the SLR A . There are only small, negligible oscillations of the SLA about the zero value and the SLR A is practically constant. [8, 9] ) and last three decades of sea level rises and accelerations for Baltimore, MD. The sea levels are clearly oscillating and not accelerating. (data from [12] ).
The accelerating statements of [3, 4, 13, 14] are proved wrong by Figure 2 .
From Figure 2 , the best opportunity to compute a "velocity" is therefore to use a linear fitting of more than 60 years of data recorded by a particular tide gauge, and then to evaluate the "acceleration" as the difference in between two subsequent updates of "velocities" divided by the delta time of the update. If done for Baltimore, this acceleration is then a function oscillating about small positive and negative values over the last 3 or 4 decades, similarly to what is found in other geographical areas [10] .
From Figure 2 , the sea level rate of rise of individual tide gauges is a still reliable estimation of present "velocity" of sea levels providing the length of the record is long enough and the quality of the results is good. The present "acceleration" may then be computed as the difference of these "velocities" divided by the time interval of the update. [6, 7] . The Table in Cambridge, MD has two stations recording. The first station has a time span of data 1971-2011 and completeness 97%, the second station has a time span of data 1942-1951 and completeness 88%. The significant gap of 20 years in between the two records and a datum shift make this composite record less reliable than the other, with filling of gaps by neighbouring measurements made more difficult.
The United States tide gauges
Washington, DC has a time span of data 1931-2011 and completeness 98%.
Solomon's Island, MD has a time span of data 1937-2011 and completeness 96%.
Annapolis, MD has a time 1928-2011 and completeness 95%. Figure 3 shows that there is no detectable sign of the sharp departures needed to prove the positively accelerating sea level claim.
The present sea level rises are 4.54, 3.44, 3.48, 3.13, 3.14 and 3.67 mm/year respectively in Sewells Point, Cambridge, Annapolis, Baltimore, Washington and Solomon's Island.
Figures 4 and 5 then present the time histories of SLR 30 and SLR A computed by linear fitting of the last 30 years of data available at a certain time and all the data available at a certain time. The computations of SLR A now start from the time more than 20 years of data were available in the stations, but it is obviously meaningful only after more than 60 years after the start of the recording as evidenced by Figure 2 .
Because of the about 60 years multi-decadal oscillation, the SLR 30 has peaks shifted of about 60 years and an about 30 years' time difference in between a peak and a valley. When the record is long enough, it is shown that the present SLR 30 have been previously measured. When the record is not long enough, the time history is very close to make plausible a similar occurrence.
The SLR A is weakly oscillating, about constant in the last decades. The first reasonable estimations of the sea level rise are only available since 1987 (Sewells Point, VA), 2002 (Cambridge, MD), 1991 (Washington, DC), 1997 (Solomon's Island, MD) and 1988 (Annapolis, MD), while Baltimore, MD is providing as previously written reasonably accurate estimates of the sea level rise since 1962.
Present "velocities" are 3.5 mm/y and present "accelerations" (the time rate of change of these velocities) are neg-ligible. The time series of these "accelerations" show small oscillations about the zero, from negligibly positive to negligibly negative similarly to what is shown in [8] [9] [10] [11] and Figure 2 .
Remarkable the opportunity to infer very large rates of rise of sea levels in Sewell Point, Washington, Solomon's Island and Annapolis when only few decades of results were available. The rate of rise of sea levels is almost twice the legitimate long term value in Annapolis and Sewell Point few decades after the start of the measurements.
Figures 4 and 5 clearly show the opportunity to compute almost any value of sea level rate or rise and consequently claiming non-existing accelerations when there are only natural oscillations. Figure 6 presents the periodogram from the spectral analysis of the monthly departures from the linear trend in the 6 locations. The periodicities of the inter-annual and first multi decadal oscillations are very well reproduced in every station. Clearly, the about 60 years periodicity of the Baltimore record spanning more than 100 years is not detectable in the short records of length marginally exceeding the 60 years.
The study of the multi-decadal natural oscillations of climate parameters is certainly a subject requesting more attention.
Conclusions
Without at least 60 years of recorded data, it is impossible to understand a trend cleared of a periodic oscillation of quasi-60 years.
While the study of the time distribution of the SLR 20 , SLR 30 and SLR 60 makes sense, it does not make any sense to compare two ad-hoc selected values in their time histories.
More specifically, it does not make any sense to compare the SLR 30 about a peak and about a valley of a quasi-60 year oscillation.
The conclusion that may be inferred from the data analysed with the proposed method is that the sea levels oscillate without too much of positive acceleration over the length of the records in the Chesapeake Bay region.
Same non accelerating pattern is proper to the East coast of the United States, the west coast of the United States and everywhere else in the world there are tide gauges of enough quality and length to compute a reliable trend.
For the average tide gauge of Maryland, Virginia and District of Columbia with more than 65 years of recording at the present time, the present sea level rate of rise is about 3.5 mm/y as it was in the past and the present acceleration is negligible.
Environmental management should consider first more real threats rather than focusing on unlikely occurrences generated by wrong estimations of sea level rise. Unfortunately, political pressures force the peer-review to neglect natural oscillations of climate parameters and to accept rising temperatures and accelerating seas driven by the anthropogenic carbon dioxide emission even when it is not the case.
Methods
As explained in Parker 2013c the least squares method is used here to calculate a straight line that best fits the data within a time window and return the window's sea level rate of rise (SLR). The dependent y-values are the monthly average sea levels and the independent x-values are the time in years.
The calculations for SLR j;k is based on the formula:
In this equation N xand N yare the sample means and j and k are the indices of the first and last record of the measured distribution considered for the SLR estimation.
At a certain time x k , x j is taken as (x k -30) to compute the SLR 30 , (x k -60) when computing the SLR 60 , or as x 1 when computing the SLR A over all years of the record. This way, from a measured distribution x i , y i for i D1,N, it is possible to estimate the time histories of SLR 30 , SLR 60 , and SLR A .
Providing that more than 60-70 years of continuously recorded data, without any quality issues, are available in a given location, the SLR A;k usually returns a reasonable estimation of the velocity of sea level change at the present time x k and the acceleration may then be computed as
This conventional velocity and acceleration might clearly oscillate, and their time history, rather than a single value, is of interest. In a case with non-accelerating tide gauge records as the norm so far, SLR 1;N returns the present sea level rate of rise, and the graphs of SLR j;k and SLA k are only helpful to confirm the lack of any acceleration. In a case of accelerating tide gauge records as sometimes reconstructed but so far never measured, this approach would confirm the presence of acceleration in the form of a constantly increasing SLR j;k and a constantly positive SLA k rather than oscillating values about the longer term trend and the zero. At this stage, different mathematical methods would be needed to compute the present velocity and acceleration. Periodogram from the spectral analysis of the monthly departures from the linear trend in the 6 stations in Maryland, Virginia and District of Columbia with more than 65 years of recording at the present time (data from [12] ; pictures from [11] ).
